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Introduction
The Indianapolis Department of Public Works (DPW) was responsible for managing the combined-sewer system (CSS) in Indianapolis until 2009, when CWA Authority, Inc., took over the responsibilities for water and wastewater services in Indianapolis. A CSS is designed, constructed, and operated to carry both sanitary sewage and stormwater runoff in the same system. These entities are responsible for implementing control strategies to mediate the effects of combined-sewer overflows (CSOs) on water quality of receiving streams in and around Marion County, Indiana, including the city of Indianapolis.
The U.S. Environmental Protection Agency (EPA; U.S. Environmental Protection Agency, 1999), in its guidance document for monitoring and modeling of CSOs, states that baseline conditions of the receiving water need to be defined. Therefore, the Indianapolis DPW proposed using biological indicators for monitoring the overall health of the White River and its tributaries (City of Indianapolis, 2000) . Evaluation of stream biota is one way to determine cumulative effects of CSOs because the aquatic organisms are affected by long-term exposure to a variety of environmental changes. It would be difficult to attribute existing biological conditions directly to the CSOs alone because biological sampling reflects the overall effects from all pollution sources entering the receiving waters. Therefore, the EPA has indicated that investigators generally should limit the use of diversity indexes as general indicators of environmental effects to comparisons within the study where sampling and sample analysis methods are consistent. Receiving waters in the study area include the White River, Pogues Run, Pleasant Run, Eagle Creek, and Fall Creek. Williams Creek and Buck Creek do not contain CSOs but can be subject to input from septic systems or sanitarysewer failures. The Nora (or Westfield Boulevard) site on the White River and the Williams and Buck Creek sites are considered for the purposes of this study to be the control (or reference) sites when comparing data within the study area, because of the limited amount of input from the Indianapolis sewer system. Biotic integrity was described by Karr and Dudley (1981) as the ability to support and maintain a balanced, integrated, and adaptive community of organisms having a species composition, diversity, and functional organization comparable to that of the natural habitat of a region. Biological integrity provides a key means of assessing stream ecosystems because stream biota are subject to a full range of environmental influences (chemical, physical, and biological) . Many stream biota complete most, or all, of their life cycles in the water, thereby serving as continuous monitors of environmental quality. To achieve the objectives of the Clean Water Act (http://www. epa.gov.r5water/pdf/ecwa_t1.pdf, accessed on April 10, 2002), comprehensive information about the ecological integrity of aquatic environments is needed. Biological criteria can help to identify water-quality impairments, support regulatory controls that address water-quality problems, and assess improvements in water quality from regulatory efforts. Measures of stream biota complement water-quality programs that focus on direct measures of chemical water quality and physical properties of the aquatic environment.
Benthic invertebrates are used to assess stream quality because they occupy all stream habitats and have a wide range of feeding preferences. They also are good indicators of overall stream quality because they are not very mobile and react quickly to environmental stresses, and can be found in all but the most severely polluted habitats. Benthic invertebrates occupy the middle of the aquatic food chain and are a major food source for fish and other aquatic life. They are excellent indicators of biological integrity in aquatic environments (Ohio Environmental Protection Agency, 1989) according to our knowledge of their life cycles and tolerance to environmental stresses.
While fish communities are more mobile than benthic invertebrates, they were sampled because they also are sensitive to water-quality conditions, with limited options to escape stressors in their environment. Fish communities also can represent water-quality conditions in a stream because of their sensitivity to a wide variety of environmental factors such as habitat degradation, siltation, pesticides, nutrients, and changes in streamflow. Diversity can be affected by colonization rates, the presence of suitable habitat, extinction rates, competition, predation, physical disturbances, pollution, and other factors (Crowder, 1990) .
In the early 1980s, the U.S. Geological Survey (USGS), in cooperation with the Indianapolis DPW, began a study to assess benthic-invertebrate communities in the White River in response to changes and upgrades in wastewater-treatment facilities (WWTFs) in Indianapolis (Crawford and others, 1992) . In the 1990s, a second study was begun to assess biological communities in the White River and selected tributaries relative to CSO issues that the City was assessing (Renn, 1998; Voelker and Renn, 2000) . During 1999-2001, a third study was conducted that included benthic invertebrates and fish communities (Voelker, 2004) . During 2003-4, the USGS continued to collect benthic-invertebrate samples; during 2005-12, comparative studies remained in place to collect benthic-invertebrate and fish-community information (Voelker, 2012 (Voelker, , 2014 . While the biological conditions of these streams cannot be solely attributed directly to effects from CSOs, the integrity of the biological communities do reflect overall effects from all sources entering the receiving waters.
Purpose and Scope
This report presents the summary statistics for the benthic-invertebrate and fish communities at 13 sites for which there are long-term data available in and around Marion County, Ind. ( fig. 1) , with emphasis on data collected during 1994-2012, although 3 of the sites have data that extend back to 1981. The report presents the biological data using indexes to assess the general health of the aquatic environment. Benthic-invertebrate communities are summarized using the Ephemeroptera, Plecoptera, and Trichoptera (EPT) index, Hilsenhoff Biotic Index (HBI), and Invertebrate Community Index (ICI). The ICI data are available only for samples collected during 1999-2012. Fish communities are summarized using an Index of Biotic Integrity (IBI), which was calculated during 1999-2012. Biological indexes are described, and the results of the index calculations are presented.
Description of Study Area
Indianapolis is the capital of Indiana and the largest city in the State. The city is incorporated with Marion County and covers approximately 402 square miles (mi 2 ). Approximately 55 mi 2 of the metropolitian area has been serviced by a CSO system ( fig. 1 ). In 2007, this system had approximately 130 CSOs that discharged into the White River directly or via several of its tributaries in the area. An additional 220 mi 2 of the metropolitan area uses separate sanitary and storm sewers. The remaining portion of Indianapolis utilizes private septic systems, but most of these areas are gradually being converted to sanitary sewers (http://www.citizensenergygroup.com/OurCompany/Our-Projects/Septic-Tank-Elimination-Program). The study area is in the central climate division of Indiana, which is characterized by hot, humid summers and cold, wet winters (Newman, 1966) . The study area is encompassed by the Eastern Corn Belt Plains ecoregion (Woods and others, 1998) , and crop production is the predominant land use outside of the urban areas of Indianapolis (Simon and Dufour, 1997) .
The total drainage area of the White River is 5,372 mi 2 . The most downstream site sampled is Waverly, with a drainage area of 2,026 mi 2 . The most upstream site referred to in this report is the White River at Nora, with a drainage area of 1,219 mi 2 (Hoggatt, 1975) (table 1) . In addition to the CSOs, large inputs to the White River are discharges from the Belmont and Southport WWTFs in the southern reaches of the study area and the Carmel WWTF approximately 3 river miles upstream from the Nora site. The Belmont WWTF has a capacity of 120 million gallons per day (Mgal/d) Southport facility can handle 125 Mgal/d, with peak flows to 180 Mgal/d. This is about twice the flow capacity of the mid-1980s (Crawford and others, 1992) . Together, the two Indianapolis WWTFs treat over 70 billion gallons of wastewater each year (www.citizensenergygroup.com/Wastewater. aspx). With the completion (in 2025) of mediation measures to reduce sewer overflows, an additional 3.5 billion gallons of raw sewage is expected to be captured and treated (www. citizensenergygroup.com/Wastewater.aspx).
History of the Cooperative Studies
The USGS has conducted biological sampling in the study area intermittently since 1981. The results of these studies were presented by Crawford and others (1992) , Renn (1998) , Voelker and Renn (2000) , and Voelker (2004 and Voelker ( , 2012 and Voelker ( , 2014 . Study sites remained consistent throughout the entire period with the exception of the most upstream site on the White River, which was originally sampled at Westfield Boulevard (1981-87), but was moved to the nearby Nora site for sampling during 1994-2012. These studies all included benthic invertebrates collected at least yearly during 1981 -87, 1994 -96, 1999 -2001 , and 2003 -12. Fish-community assessments were completed during 1999 -2001 , 2006 , 2008 , 2010 , and 2012 . 
Methods of Investigation
Initially, three sites were sampled by Crawford and others (1992) , then 21 sites by Renn (1998) , 12 sites by Voelker (2004) , and lastly, 13 by Voelker (2012 Voelker ( , 2014 . These sites were selected in coordination with the Indianapolis DPW, which was responsible for monthly surface-water sampling at or near those sites. In addition, several sites were selected to provide continuity of data collection from previous studies that would allow for a historical comparison of data at some sites. For this report, 13 sites that have long-term data are used to summarize the biological communities in the White River and its tributaries in and around Indianapolis (table 1).
Benthic Invertebrates
Benthic invertebrates were collected once per year in late summer/early fall by Crawford and others (1992) and then twice a year during subsequent studies (Voelker and Renn, 2000; Voelker, 2004 Voelker, , 2012 Voelker, , 2014 . Samples for the latter studies were collected during periods of relatively low-flow, steady-state streamflow conditions in the spring (May or June), and in the late summer/early fall (September and October) unless streamflow conditions resulted in sampling-schedule changes. These time periods were selected to coincide with the aquatic stages of most benthic-invertebrate species. Three individual samples were collected from habitats where the greatest diversity and abundance of invertebrates was expected to occur. High diversity habitats are usually riffle sections, although when those sections were not available the best available habitat was sampled (see Voelker, 2004 , for a description of where sampling occured). During 1981-87, Crawford and others (1992) collected benthic invertebrates using a Surber sampler, which had a 0.0929 square-meter (m 2 ) sample grid and a 1.024 micrometer (µm) mesh size, following the methods described by Greeson and others (1977) . This was a fairly large mesh size, and some of the smaller invertebrates may not have been adequately represented in the samples. Since 1994, benthic-invertebrate samples were collected at each site using a Surber sampler and a collection-net mesh opening of 210 µm. Sampling followed the guidelines set forth in Britton (1988) and described in Renn (1998) and Voelker (2004) .
Benthic invertebrates were picked in the field for the study by Crawford and others (1992) and then sent to a laboratory for analysis, but the Renn (1998) and Voelker (2004 Voelker ( , 2012 Voelker ( , 2014 studies submitted the entire sample to a contract laboratory where they were sorted and identified to the lowest possible taxonomy-generally genus and species. The laboratory calculated the number of organisms in the sample, the number of taxa, and the HBI for each set of three samples.
The results of the three individual samples were combined to determine the EPT index, HBI (Hilsenhoff, 1987) , and ICI (Ohio Environmental Protection Agency, 1987 , 1989 ) scores for each sample round at each site. The ICI was developed to provide a descriptive statistic that could be used to compare sites within a study area. The ICI consists of 10 structural and functional community metrics that describe the benthic-invertebrate community.
Fish
Fish communities were sampled during the summer months of 1999, 2000, 2001, 2006, 2008, 2010, and 2012 , following guidelines established by the USGS National Water-Quality Assessment (NAWQA) Program (Meador and others, 1993) . Fish were collected using pulsed direct-current electrofishing techniques. Specially designed electrofishing boats were used at all the White River sites; a backpack or tote-barge mounted equipment was used at the tributary sites. Taxonomic nomenclature followed that established by Robins and others (1991) and by Nelson and others (2004) . Fish data were used to calculate an IBI for the site sampled.
Condition of Benthic-Invertebrate Communities
A complete list of benthic-invertebrate data for each sample was presented in Crawford and others (1992) , Renn (1998 ), and Voelker (2004 , 2012 , 2014 . From these data, the number of taxa (diversity) (table 2), the abundance (density) of benthic organisms (table 3) , and various benthic-invertebrate indexes were calculated.
The number of benthic-invertebrate taxa identified at the White River sites ranged from 5 (Wicker, 1995 ) to 62 (Nora, 2011 ) during 1981 -2012 (table 2) . The median number of taxa at sites along the White River ranged from a high of 40 at the most upstream site (Nora), to a low of 27 at the most downstream site (Waverly) ( fig. 2 ). On the tributary sites, the number of taxa ranged from 5 at Pogues (1995) to 62 at Buck (1999) . The median number of taxa on the tributaries ranged from 32 at Pleasant to 53 at Buck (table 2, fig. 2 ).
The median abundance (or density) of benthic-invertebrate organisms calculated using the data showed that the lowest sites on the White River were Wicker Road (6,552/m 2 ) and Tibbs (24,162/m 2 ) (table 3). Pogues had the lowest median abundance (5,431/m 2 ), and Fall had the highest median abundance (18,033/m 2 ) of the tributary sites. 
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Benthic-Invertebrate Indexes
Three benthic-invertebrate indexes were calculated to describe the benthic-invertebrate population at sites. These include the EPT index, the HBI, and the ICI.
Ephemeroptera, Plecoptera, Trichoptera (EPT) Index
The EPT index for each site was calculated from the number of taxa in the Ephemeroptera, Plecoptera, and Trichoptera orders. These pollution-sensitive groups reflect better water-quality conditions as the number of taxa increase.
During the 1981-2012 study period, the EPT scores on the White River ranged from 0 at Morris (1994 Morris ( , 1995 , Harding (1994 Harding ( , 2000 , and Waverly (1982) to 17 at Nora (2010) (table 4). The median scores at the White River sites ranged from 4 to 10 at sites downstream of the CSO influence, and was 13 at Nora-the only site upstream of CSOs ( fig. 3) .
On the tributaries, EPT scores ranged from lows of 0 at Pleasant (1994) and Pogues (1994 Pogues ( , 1995 Pogues ( , 1999 to 17 at Buck (2007 Buck ( , 2010 (table 4) . The median scores at these sites ranged from 7 at Fall, Pleasant, and Pogues to 14 at Buck (fig. 3) .
The EPT scores indicate that the greatest diversity of these pollution-intolerant organisms are found upstreamfrom or away-from the combined-sewer areas. Sites directly affected by CSOs or those located in the more urbanized areas show decreased diversity among these species. One exception to this is the Stout site where the improved EPT scores may be due to the stream reaeration, as the water flows over the lowhead dam just upstream of the sampling site.
The lowest number of observations of these pollutionintolerant species was at the Morris and Harding sites on the White River, and at the Fall, Pleasant, and Pogues sites on the tributaries (table 4) . These sites all represent the more urbanized stream conditions and have the greatest impact from CSOs affecting water-quality conditions. The Harding site also was under very low-velocity conditions, and the substrate at the sample site was limited to silt and rip-rap. The Nora and Buck sites both had distinctly greater numbers of EPT organisms than the other sites.
Hilsenhoff Biotic Index
The HBI (Hilsenhoff, 1987) was developed to assess organic pollution through its effect on benthic-invertebrate species. It is calculated from pollution-tolerance values assigned to benthic-invertebrate species. The HBI is calculated using the number of individuals in each family and a tolerance value for that family, summing the products, and dividing that sum by the total number of arthropods in the sample. Scores can range from 0 to 10, and unlike the other indexes, the HBI score increases with decreasing water-quality conditions (table 5).
The HBI scores on the White River ranged from a low of 4.33 (very good) at Waverly (2009) to 9.88 (very poor) also at the Waverly site (1982) . Median HBI scores on the White River ranged from 5.47 (good) at Waverly to 9.12 (very poor) at Harding (fig. 4) . Median scores at the Nora, Tibbs, and Wicker sites all rated "fair," indicating fairly significant organic pollution present. The Morris and Harding HBI scores rated "very poor," indicating severe organic pollution, while the median score at Stout rated "fairly poor," indicating significant organic pollution at that site. The Waverly site was the only site where the HBI scores rated conditions as "good," indicating only some organic pollution present.
On the tributaries, HBI scores ranged from a low of 2.86 (excellent) at Buck (2001) to a high of 8.14 (poor) at Pogues (2004) (table 6). Median scores ranged from 5.35 (good) at Buck to 6.24 (fair) at Pleasant, while all other tributary ( fig. 4 ) sites also rated "fair" indicating fairly significant organic pollution at those sites.
HBI scores at the tributary sites show that conditions at the Buck and Williams sites were better than those of the other tributary sites (fig. 4) . The more urbanized sites at Fall, Pleasant, and Pogues all indicated the least favorable conditions for benthic invertebrates among the tributary sites.
Invertebrate Community Index
The ICI (Ohio Environmental Protection Agency, 1987 , 1989 ) was developed to use 10 structural and functional metrics to describe the benthic-invertebrate communities. The ICI was developed to compare sites within a study area. The higher the ICI score, the better the water-quality conditions at that site. The ICI calculations were only done during the 1999-2012 studies.
The ICI scores on the White River ranged from a high of 46 at Nora (June 2008 and August 2010) to 8 at Harding (May 2008) (table 7). The median scores at the White River sites ranged from 35 at Nora to 20 at Harding. Figure 5 shows that the median ICI scores are all lower after the river flows through the CSO-affected areas than at the Nora site located upstream of the CSO influences.
On the tributaries, ICI scores ranged from 52 at Buck (September 2004) to 4 at Pogues (May 1999) during 1999-2012 (table 7) . The median scores during this period ranged from 44 (Buck) to 27 (Fall) (fig. 5 ). The remaining tributary sites had median scores from 29 to 37, and these scores were higher than all sites on the White River except for Nora.
The ICI scores, which incorporate the EPT and HBI scores, also indicate that the best conditions in support of healthy benthic-invertebrate communities are at the Nora and Buck sites. On the White River, data support the observation that the most impaired communities are located at sites most impacted by CSOs and are located in the more urbanized areas. 
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Pollution-Tolerant versus -Intolerant Benthic Invertebrates
Three sites on the White River (Nora, Stout, and Waverly; fig. 1 ) were originally selected to observe changes in the benthic-invertebrate population with changes to the City's WWTFs. A plot of the yearly (August through October) historical data showing the percentage of pollution-tolerant versus -intolerant benthic invertebrates, indicates that at the three sites having data since 1981 ( fig. 6 ), the Nora and Waverly sites show an increase in the percentage of tolerant invertebrates. At the Nora site, there is an overall decrease in the number of pollution-intolerant benthic invertebrates with a corresponding increase in the pollution-tolerant numbers. During 1981-99, the intolerant species were predominant except for 1983 and 1985 . During 2000 , the opposite was true, where more tolerant invertebrates were present in samples with the exception of 2006, 2010, and 2011 . This reversal may have been caused, in part, by a chemical release into the White River and resultant fish kill in late 1999 (Indiana Department of Environmental Management, 2000) .
In 1983, Indianapolis upgraded its two sewage-treatment facilities to tertiary treatment, including ozonation of the final effluent (Crawford and others, 1992) . Almost immediately, the two sites being monitored downstream of the WWTFs at that time (Stout and Waverly) showed signs of improved conditions in the benthic-invertebrate population. The ozonation of effluents was then replaced with chlorination in 1994 (Paul Werderitch, Indianapolis DPW, personal commun., 2011) .
Within 1 year of that conversion, increasing numbers of pollution-tolerant invertebrates were observed at Stout, and within 5 years at Waverly (fig. 6 ). In 2013, ultraviolet radiation of the effluent was introduced at the Belmont WWTF, supplemented with chlorination during wet-weather, high-flow events. However, no additional sampling was scheduled to determine how this change might affect biological communities downstream of the WWTFs.
The four additional sites on the White River, at which sampling began in 1994, all have predominantly larger numbers of pollution-tolerant species than pollution-intolerant species ( fig. 7) . Only at the Tibbs site, where sampling began in 2004, does there generally appear to be more pollutionintolerant benthic invertebrates present ( fig. 7) .
Sites on the tributaries show an increase in the number of pollution-tolerant benthic invertebrates at the Buck, Pogues, and Williams sites ( fig. 8 ). Of these three sites, the Pogues site was predominantly pollution-tolerant invertebrates, and their numbers have been increasing since 1984. Similarly, the Pleasant site has been predominantly pollution-tolerant benthic invertebrates, but unlike the Pogues site, the numbers have been decreasing during the study period. At both the Pleasant and Pogues sites, the number of pollution-intolerant benthic invertebrates has increased since the mid-1990s, albeit in small numbers. 
Condition of Fish Communities
During the course of the studies by Voelker (2004 Voelker ( , 2012 Voelker ( , 2014 , 69 distinct taxa and 1 hybrid were identified on the White River, and 69 taxa and 3 hybrids were identified on the tributaries. On the White River, the number of species identified ranged from 14 at Nora in 2001 to 34 at both Tibbs and Wicker in 2012 (table 8) . The median number of taxa ranged from 16 at Nora to 27 at Stout (fig. 9 ). The number of individual fish collected during that same time period ranged from 61 at Nora in 2000 to 1,017 at Harding in 2012 (table 9) . The median number of fish collected on the White River ranged from 136 at Waverly to 428 at Tibbs (table 9) . On the tributaries, the number of species identified ranged from 6 at Pogues in 2010 to 41 at Buck in 2000 (table 8 ). The number of fish collected ranged from 62 at Pogues in 2012 to 2,697 at Pleasant in 1999. The median number of taxa collected on the tributaries during 1999-2012 ranged from 7 at Pogues to 33 at Buck. 
Index of Biotic Integrity
Fish data were analyzed using the Indiana IBI developed by Simon and Dufour (1997) for sites in the Eastern Cornbelt Plains Ecoregion. The IBI incorporates various metrics including species richness, composition, presence/absence of indicator species, trophic and reproductive functions, and overall abundance and (or) individual conditions. Scores for each metric are combined, and the higher the resultant score, the healthier the aquatic ecosystem (table 10) .
The IBI scores in the White River ranged from 20 (very poor) at Harding in 2006 to 46 (good) at Tibbs in 2012 (table  11) . Median IBI scores ranged from 34 at Harding to 42 at Morris and Stout ( fig. 10 ). It should be noted that the low score of 22 at the Nora site came less than 1 year after the December 1999-January 2000 fish kill upstream because of a chemical release into the White River (Indiana Department of Environmental Management, 2000), which had a negative effect on the IBI at the site.
On the tributaries, the IBIs ranged from 24 (very poor) at Pogues in 2012 to 44 (good) at Buck, Fall, and Williams over several years (table 10) . Median IBI scores on the tributaries ranged from 34 (poor) at Pogues to 42 (fair) at Buck, Fall, and Williams. Table 10 . Attributes of Index of Biotic Integrity (IBI) classification, total IBI scores, and integrity classes from Karr and others (1986) .
Total IBI score Integrity class Attributes

58-60 Excellent
Comparable to the best situation without human disturbance; all regionally expected species for the habitat stream size, including the most tolerant forms, are present with a full array of age (size) classes; balanced trophic structure.
48-52
Good Species richness somewhat below expectation, especially owing to the loss of the most tolerant forms; some species are present with less than optimal abundances or size distributions; trophic structure shows some signs of stress.
40-44 Fair
Signs of additional deterioration including loss of intolerant forms, fewer species, highly skewed trophic structure; older age classes of top predators may be rare.
28-34
Poor Dominated by omnivores, tolerant forms, and habitat generalists; few top carnivores; growth rates and condition factors commonly depressed; hybrids and diseased fish often present. Repeated sampling finds no fish.
12-22
Very Poor Few fish present, mostly introduced or tolerant forms; hybrids common; disease, parasites, fin damage, and other abnormalities regular. 
Summary
The U.S. Geological Survey, along with the Indianapolis Department of Public Works (DPW), and eventually with CWA Authority, Inc., maintained a cooperative program intermittently during 1981-2012 to assess biological communities and streambed-sediment chemistry in the White River and selected tributaries in the Indianapolis metropolitan area of Indiana. Three sites were initially sampled in the 1981 study (Crawford and others, 1992) , 21 sites were sampled by Renn (1998) , and 13 sites (7 on the White River and 6 on tributaries) were sampled by Voelker (2004 Voelker ( , 2012 Voelker ( , 2014 biannually for benthic invertebrates, and during 1999-2001, 2006, 2008, 2010, and 2012 for fish communities. The data collected in these studies complement the Indianapolis DPW and CWA Authority, Inc., surface-water monitoring programs. The information gathered is being used in conjunction with the programs to reduce combined-sewer overflows (CSOs) and other point and non-point sources of pollution in the Indianapolis area.
Historical biological data were reviewed to describe the condition of the biological communities over time. For sites on the White River, available historical data for each of the three indexes (Ephemeroptera, Plecoptera, and Trichoptera [EPT], Hilsenhoff Biotic Index [HBI] , and Invertebrate Community Index [ICI] all show that the benthic-invertebrate conditions are best at the Nora site. The Nora site is the most upstream study site, near where the White River enters Indianapolis (and Marion County), and upstream of the CSO area. The poorest conditions of the benthic-invertebrate communities are at the Morris and Harding sites, which are located in the more urbanized reach of the river where the CSOs are located. The indexes indicate some improvement in the benthic-invertebrate communities at the Stout and Tibbs sites, and to a lesser extent at the Wicker and Waverly sites further downstream of the CSOs and wastewater-treatment facilities (WWTFs).
For the tributary sites, historical data describe the Buck Creek and Williams Creek sites-which have no CSOs entering them-as having better benthic-invertebrate communities than other tributary sites. Only the Eagle Creek site scored slightly better than the Williams Creek site when reviewing the median EPT scores. HBI scores were fairly consistent among all tributary sites, falling in the "good" to "fair" categories. The ICI scores show that Fall Creek, Pleasant Run, and Pogues Run consistently scored poorest of the tributary sites, with the Pogues Run site having the greatest range in ICI scores.
Three sites on the White River had a longer history of benthic-invertebrate data from which numbers of pollution-tolerant and -intolerant invertebrates have been calculated. Dominance by pollution-tolerant invertebrates was reversed at the two downstream sites (Stout and Waverly) after the WWTFs upgraded to tertiary treatment with ozonation. That tendency lasted until ozonation was replaced by chlorination of effluents in the mid-1990s. The only other change in benthicinvertebrate conditions occurred in late 1999, when a chemical release resulted in a major fish kill on the White River, and pollution-tolerant species again became the predominant benthic invertebrates present in the upper reaches of the study area.
Historical fish-community data indicate that most of the study sites have stable fish communities, with some minor variations from year to year. Median IBI scores show that the Harding and Waverly sites on the White River and the Pleasant Run and Pogues Run tributary sites have the poorest communities overall.
